Water quality status of a USDA
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project in the Eastern Coastal
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ABSTRACT: A 5-year research study was initiated in 1990 at the USDA Water Quality
Demonstration Project in the Herrings Marsh Run (HMR) watershed in Duplin County, North
Carolina. The HMR watershed is representative of an eastern Coastal Plain watershed with in-
tensive agricultural practices (e.g., crop, swine, poultry, and cattle production). Stream water
sampling stations were established at four locations in the watershed to evaluate the influences of
the agricultural practices on stream water quality. Stream water at the HMR Tributary (Station
2) was consistently lower in quality than water from the HMR Main channel (Station 3). Ni-
trate-N levels normally exceeded 5 mg/L in stream water at the HMR Tributary. These data in-
dicate that current and past agricultural management practices have degraded stream water
quality ax specific locations. Implementation of improved management practices has the potential

to produce measurable improvements in the quality of water in the demonstration watershed.

ven though significant progress has been

made in developing and implementing
agricultural best management practices,
nonpoint pollution of surface water and
groundwater by agriculture is a major water
quality concern (Bjerke 1989; Bouwer
1987; Hurlburt 1988; Hubbard et al. 1986;
Hubbard and Sheridan 1989). A 5-year
water quality demonstration project involv-
ing federal, state, and local agencies; private
industry; and local land owners was initiat-
ed in 1990 on a watershed located on the
Cape Fear River Basin in Duplin County,
North Carolina. The 2044-ha (5050-ac)
demonstration watershed, Herrings Marsh
Run (HMR), is one of the eight original
demonstration projects funded as part of
the USDA’s Presidential Water Quality Ini-
tiative, and it is located within the Goshen
Swamp Watershed, one of the 37 original
Hydrologic Unit Area Projects (United
States Department of Agriculture and Co-
operating State Agencies 1989). Duplin
County has many characteristics of an in-
tensive agricultural county in the eastern

Coastal Plain of the United States. Duplin
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County has the highest agricultural revenue
of any county in North Carolina. In 1990,
it had the highest population of turkeys and
the fourth highest population of swine of
any county in the United States (North
Carolina Dept. of Agriculture 1990).

Agricultural management practices on
the watershed are typical for the south-
eastern Coastal Plain and include 1,093
ha (2,700 ac) of cropland; 708 ha (1,750
ac) of woodlands; and 212 ha (525 ac) of
farmsteads, poultry facilities, and swine
facilities. The major agricultural crops on
the watershed include corn 415 ha (1,025
ac), soybeans 273 ha (675 ac), vegetables
153 ha (378 ac), tobacco 131 ha (325 ac),
and wheat 121 ha (300 ac). The predomi-
nant soil series in the watershed is
Autryville (loamy, siliceous, thermic
Arenic Paleudults); secondary soil series
are Norfolk (fine-loamy, siliceous, thermic
Typic Kandiudults), Marvyn-Gritney
(clay, mixed, thermic Typic Hapludults),
and Blanton (loamy siliceous, thermic
Grossarenic Paleudults).

Current annual nuttient usage for crop
production on the watershed is estimated
at 145 metric tons of nitrogen, 64 metric
tons of phosphorus, and 243 metric tons
of potassium. Although swine and poulery
operations produce sufficient quantities of
waste to supply more than half of the
needed nutrients, 90% of the nutrients
applied to cropland are supplied by com-
mercial fertilizers. The application of
large quantities of commercial fertilizers
coupled with the production of large
quantities of animal waste provides a po-
tential for nitrogen and phosphorus cont-
amination of surface water and ground-
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Figure 1. Location of stream gaging stations on Herring Marsh Run watershed

water. The objective of the initial phase of
this project has been to evaluate the effect
of current agricultural management prac-
tices on stream watet and groundwater

quality within the watershed.
Methods

Surface water sampling stations were es-
tablished in August 1990 at three loca-
tions within the watershed (Figure 1). Sta-
tion 1, Red Hill, was located at the stream
outlet from the watershed. Station 2,
HMR Tributary, was located along a trib-
utary downstream from intensive swine
and poultry operations. Station 3, HMR
Main, was located along the upper portion

of the main stream that flowed through:

woodlands. The woodlands located above
Station 3 had a substantial riparian buffer
compared with Station 2. Station 3 was
chosen to represent background condi-
tions because of its large riparian buffers
and the absence of animal production fa-
cilities in the subwatershed. Station 4, Red
Hill Tributary, was installed in August
1991 to provide additional information
about the eastern portion of the water-
shed. ISCO 2700 automated water sam-
plers were installed at each station. Sample
collection was continual from October
1990 to the present time. The water sam-
plers combined hourly samples into a
daily composite. The samples were collect-
ed weekly and transported to the laborato-
ry for analyses. The U.S. Geological Sur-
vey in Raleigh, North Carolina, installed
and maintained gaging stations at the ini-
tial three stations in April 1991. A gaging
station was installed at Station 4 in August
1991. The gaging stations measured flow
at 15-min intervals using automated water
level recorders.

All water samples were transported to

the USDA-Agricultural Research Service
(ARS), Soil, Water, and Plant Research
Center in Florence, South Carolina, for
analyses. Water samples were analyzed
using a TRAACS 800 Auto-Analyzer for
nitrate-N, ammonium-N, total Kjeldahl
nitrogen, ortho-phosphate, and total
phosphorus using EPA Methods 353.2,
350.1, 351.2, 365.1, and 365.4, respec-
tively (U.S. EPA 1983). EPA-certified
quality control samples were routinely an-
alyzed to verify results.

All statistical analysis of the data was
accomplished using SAS version 6.07
(SAS 1990). Hydrograph separation was
performed on the streamflow data. This
provided a method to divide the stream-
flows into storm and base flow condi-
tions. A graphical method described by
Viessman et al. (1977) was used to sepa-
rate the storm and base flows. The storm
and base flows were then integrated with
the concentration data to provide an esti-
mate of the solute fluxes. The technique
used to estimate the solute fluxes is de-

scribed by Lesack (1993). The method
calculates the solute flux at discrete time
intervals as the product of the concentra-
tion and flow. Solute fluxes that con-
tribute to the base and storm flows are
calculated by using a mass balance equa-
tion:

CQ = CpQp + CsQs

where Cp and Qg are the concentration
and discharge at base flow, Cg and Qg are
the concentration and discharge at storm
flow; C and Q are the measured concen-
tration and flow, respectively. Calculation
of the component concentrations is then
performed.

A simple nitrogen and phosphorus
mass balance was calculated using results
of farm surveys (Coffey 1994; NCSU
1991). Nitrogen inputs (fertilizer N, live-
stock waste N, and legume residual N)
and outputs (crop N and residue N) were
recorded in the farm surveys. A similar
analysis was done for phosphorus. The
differences between the inputs and out-
puts were calculated and values of excess
N and P were obtained. The excess N and
P from the surveys were then compared
with the observed stream loading rates of
N (NO3+NHy) and P (PO4) at each sam-
pling station.

Resuits and discussion

Mean nitrate-N concentrations of
water leaving the watershed outlet, Red
Hill (Station 1), and at the HMR Tribu-
tary (Station 2) were two- and four-times
higher, respectively, than background con-
centrations as represented by HMR Main
(Station 3) (Table 1). Daily mean nitrate-
N concentrations (Figure 2) at the HMR
Tributary sometimes exceeded 10 mg/L
and frequently exceeded 6 mg/L. Overap-
plied swine lagoon effluent and under-
sized, overloaded lagoons were likely con-

Table 1. Means and standard deviations (in parentheses) for nitrate-N, ortho-phosphate,
and ammonium-N concentrations (mg/L) and in storm and base flow for the Herring

Marsh Run (HMR) watershed

Station
1 2 3 4
Flow Red Hill HMR Tributary HMR Main Red Hill Tributary
NO3-N
(mg/L)
Storm 25 (2.6) 5.4 (4.8) 14 (1.7) 1.1 (1.1)
Base 2.1 (0.6) 5.6 (1.9) 1.1 (0.4) 1.5 (0.6)
NH4-N
(mg/L)
Storm 59  (1.20) 228 (3.88) .32 (0.65) 68 (1.09)
Base 28  (0.28) 74 (0.90) .19 {0.25) 43 (0.53)
PO,
(mg/L.)
Storm .81 (2.24) 1.3 (1.22) .20 (0.38) .85 (1.65)
Base .78 (1.46) .68 (0.41) 12 {0.14) .29 {0.30)

* These are intermediate values between the truly soluble and the total phosphorus values
because the acidification process used for preservation in the autosampler bottles solubilized
some of the phosphorus in the solid phase of the samples.
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Figure 2. Nitrate-N concentrations in stream water for Herrings Marsh Run watershed
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Figure 3. Ammonium-N concentrations in stream water for Herrings Marsh Run water-

shed

tributors to the elevated nitrate-N con-
centrations in the HMR Tributary.

Mean ammonium-N concentrations of
water at the watershed outlet and at the
HMR Tiibutary (Station 2) were approxi-
mately two- and four-times higher, respec-
tively, than background concentrations
(Table 1). Ammonium-N concentrations
at the watershed outlet and at HMR Trib-
utary exceeded limits considered harmful

to humans (0.5 mg/L) and fish (2.5 mg/L)
(U.S. EPA 1973). During the first month
of the sampling period, daily ammonium-
N concentrations at the HMR Tributary
ranged from 6 to 12 mg/L (Figure 3).
These high concentrations of ammonium-
N indicated that a significant discharge of
animal waste products into the waterway
had occurred. After the first month, daily
mean ammonium-N concentrations did

not exceed 4 mg/L. High ammonium-N
concentrations were thought to be caused
by an undersized swine lagoon occasional-
ly overflowing upstream from Station 2.
The undersized lagoon was expanded
April 1992. After the lagoon was expand-
ed, ammonium-N spikes were infrequent
at Station 2.

Mean ortho-phosphate concentrations
of water at the watershed outlet (Red Hill,
Station 1) and at HMR Tributary (Station
2) were approximately five times higher
than background concentrations at HMR
Main (Station 3). This was likely a result
of suspended solids in the samples and the
associated solubilization of phosphorus in
the acidified samples. Grab samples (fil-
tered to 0.45 pm prior to acidification to
remove suspended solids) showed low lev-
els (<0.20 mg/L) of soluble phosphorus
throughout the watershed.

Streamflow data from the USGS gaging
stations (USGS 1992) are shown in Fig-
ure 4. The flow data began in April 1991
for three stations (Red Hill, HMR Tribu-
tary, and HMR Main) and August 1991
for the Station 4 (Red Hill Tributary).
The streamflow data were integrated with
the stream monjtoring data to calculare
the mass loading of nitrate-N and ammo-
nium-N. Mass nitrate-N leaving the wa-
tershed (Red Hill) averaged about 15
kg/day (33 Ib/day). The HMR Tributary
monitoring station had approximately
10.5 kg/day (23 Ib/day) leaving that sub-
watershed. The mass ammonium-N at
Red Hill and HMR Tiibutary frequently
exceeded 3 and 2.5 kg/day (6.6 and 5.5
Ib/day), respectively.

Results of the separation of the stream-
flow into base and storm flow components
are shown in Tables 1 and 2. The concen-
trations show that the base flow concentra-
tions are typically lower than the storm flow
concentrations. The fluxes of nutrients
from the sampling stations are shown in
Table 2. At Stations 1, 3, and 4 the nutrient
fluxes at base flows are lower than the storm
flow fluxes. This suggests that at these sta-
tions, much of the export of nutrients is
during storm flows. At Station 2, the storm
flow fluxes of ortho-phosphate and ammo-
nium-N follow the same pattern as the
other stations with the storm flow fluxes
being greater than the base flow fluxes.
However, at Station 2, the nitrate-N flux at
base flow is greater than the storm flow
flux. This suggests that while the storm
flows are contributing to the total flux of
nitrate-N, the majority of the nitrate-N flux
is coming directly from the base flow.

Excess applied N and P in the watershed
and losses in stream water are shown in
Table 3. The subwatershed above Station 2
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Figure 4. Provisional U.S.G.S. stream flow data for Herrings Marsh Run watershed

(Subwatershed 2) had the highest amount
of excess applied N [85 kg/ha (75 Ib/ac)]
and the largest observed N in the stream
water {22 kg/ha (20 Ib/ac)]. Excess N ap-
plications in Subwatershed 2 are related to
the number of acres that received applied
animal waste. For the entire watershed, ex-
cess applied N was calculated at 38 kg/ha
(34 Ib/ac), and the observed N in stream
water was 2.9 kg/ha (2.6 Ib/ac). Excess ap-
plied P for the entire watershed was ap-

proximately 20 kg/ha (18 Ib/ac) with 2.5%
loss in stream water as ortho-phosphate.
Subwatershed 2 also had the highest excess
P application and highest ortho-phosphate
loss (per hectare) to stream water. Ortho-
phosphate loss to stream water in Subwa-
tershed 2 was 6 times greater than the loss-
es at the watershed outlet (Station 1).

Summary

Results from the initial phase of the 5-

Table 2. Means and standard deviations (in parentheses) for nitrate-N, ortho-phosphate,
and ammonium-N flux (kg/day) from the watershed and subwatersheds in storm and
base flows for the Herring Marsh Run (HMR) watershed

year project indicate that most of the
streams in the watershed have acceptable
water quality. The stream water at the wa-
tershed outlet (Station 1) and Station 2
had elevated nitrate-N and ammonium-N
concentrations. The elevated nitrogen
concentrations from Subwatershed 2 are
thought to be directly related to the high
density of swine production facilities and
the reduced riparian buffers. Mass flux
from Subwatershed 2 accounts for over
two-thirds of the nitrate-N leaving the
watershed at the watershed outlet. Separa-
tion of the nutrient fluxes into storm and
base flow components indicated that
storm flow nutrient fluxes were greater
than the base flow nutrient fluxes for
most sampling stations. However, the ni-
trate-N flux during base flow was greater
than the storm flow flux at Station 2. This
also suggests that Subwatershed 2 has an
excess of nitrate-N probably from the
high concentration of swine and excess
application of nutrients. The N mass bal-
ance calculations and comparison with
the stream N loadings show that 26% of
the excess N applied is being lost to
stream water in Subwatershed 2.

It appears that traditional agricultural
management practices on the watershed
have had a significant adverse impact on
the quality of stream water at specific lo-
cations. Further, these data indicate that
improvements in specific agricultural
management practices on the watershed
could produce measurable improvements
in water quality on farms that have elevat-
ed nutrient concentrations.

Table 3. Excess applied nitrogen and
phosphorus and stream loadings for the

Herrings Marsh Run (HMR) watershed

Station
1 2 3 4
NOg-N
(kg/day)
Storm 9.2 (145) 49 (10.6) 38 (9.2) 09 (2.8)
Base 6.1 (31) 58 2.7 11 (1.1) 05 {0.2)
Totall  15.4 (14.3) 105  (10.7) 49 (93) 15 (2.8)
NH4-N
(kg/day)
Storm 251 (5.91) 1.92 (4.26) 091 (3.11) 046 (1.35)
Base 0.73 (0.61) 072 (1.04) 0.13 (0.20) 0.11  (0.12)
Totall 342 (5.98) 253  (4.51) 1.00 (3.13) 053  (1.36)
PO4* .
(kg/day)
Storm 235 (6.28) 1.71  (4.29) 047 (1.49) 052 (2.69)
Base 235 (457) 075 (0.56) 0.07 (0.08) 0.08 (0.08)
Totall  3.08 (7.04) 240  (4.40) 054 (1.51) 059 (2.70)
Flow
(cubic meters/s)
Storm  0.19 (0.39) 0.034 (0.077)  0.068 (0.144) 0.026 (0.069)
Base 0.09 (0.054) 0.034 (0.016) 0.003 (0.025) 0.018 (0.011)
Totalt 0.25 (0.36) 0.056  (0.066) 0.080 (0.135) 0.040 (0.066)

* These are intermediate values between the truly soluble and the total phosphorus values
because the acidification process used for preservation in the autosampler bottles solubilized
some of the phosphorus in the solid phase of the samples.

t Total means are derived independently from the entire data set.
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Station
1 2 3 4

kg/ha
Excess N 38 85 55 26
applied
Stream N* 2.9 22 63 37
loading
Excess N 8% 26% 12% 14%
% loss in stream
Excess P 20 57 15 4.5
applied '
Stream P* 0.5 32 04 0.3
loading®
Excess P 25% 56% 27% 6.7%

% loss in stream

* Stream N loading consisted of NO3+NH,4
and Stream P consisted of POy.

* These are intermediate values between the
truly soluble and the total phosphorus values
because the acidification process used for
preservation in the autosampler bottles
solubilized some of the phosphorus in the
solid phase of the samples.
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